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�†¶©ãõüþ ¶†ì†ðú€ {†‡¨ý± ²ì†ðþ „ó ¬° º±ôÑ Ö±…üñ~ „²…¬ ¶†²ÿ ¬…°ô �̧ …²

…Îí†ë {Óýý±…– ¬° ¬ì†ÿ ì¥ýÈ „²…¬¶†²ÿ )galt|( …¶•. ‹~üùþ …¶• ¬°

º±…üÈ „°ì†ðþ …ð}Ë†° ìþ|°ô¬ Þú ìÛ~…°  galt| ‹±…ÿ ¶†ì†ðú ¾×± ‹†º~€ ¬°

¤†èþ Þú ‹ú ô…¶Çú ô›õ¬ ìÛ†ôì•|ø†ÿ ì©}éØ ¬° ‹±…‹± …ð}Û†ë â±ì†€

¬¶•|ü†‹þ ‹ú Ÿñýò ¤†è}þ …ìß†ó �̄ü± ðý·•€ ¬° Îíê øíõ…°û galt| ìÛ~…°ÿ

‹³°â}± …² ¾×± …¶•. ì·éí†_ ¶†ì†ðú|…ÿ Þú ¬…°…ÿ galt| ÞõŸß}±ÿ ‹†º~€

¶±Î• �†¶©ãõüþ „ó ‹ý»}± ô ‹±…ÿ ìÛ†¾~ Îíéþ Þ†°‹±¬ÿ {± …¶•.

galt| ‹±…ÿ ¶†ì†ðú ìõ°¬ ðË±€ ‹± …¶†¹ ìÏ†¬èú )12(€ {†‹Ïþ …² Ÿñ~ �†°…ì}±

…¶†¶þ ¶†ì†ðú …² ÚŒýê Â©†ì• æüú|ø†ÿ ìý†ðþ ô ì¥†ÖÌ )1L| ô 3L(€

Â±…ü� °¶†ðñ~âþ â±ì†üþ æüú|ø†ÿ ìý†ðþ ô ì¥†ÖÌ )lKô pK( ô
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ì~ë ¶†²ÿ °ø†ü¼ ¬…°ô …² ¶†ì†ðú ðõüò �éýí±ÿ �†¶©ãõ ‹ú ¬ì†ì¥í~ ¶ý±ô¹|„®° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 3€ ì±¬…¬ -ºù±üõ° 6831 266

øí¡ñýò ÷†‹• | …¶•. ‹± …¶†¹ ìÏ†¬èú )91(€ | �†°…ì}±ÿ …¶• Þú ‹ú

¨õ…Á ì†¬û {»ßýê ¬øñ~û æüú ìý†ðþ ô øí¡ñýò …̈}çÙ ¬ì†ÿ ì¥ýÈ

„²…¬¶†²ÿ ‹† ¬ì†ÿ ìÛ±° ‹±…ÿ °ø†ü¼ )ü† øí†ó ¬ì†ÿ ®ôŽ ì†¬û {»ßýê

¬øñ~û æüú ìý†ðþ( ‹·}ãþ ¬…°¬. ‹ú ìñËõ° ‹±°¶þ Þíþ …÷± ø± Þ~…ï …² …üò

Îõ…ìê ‹± {†‡̈ý± ²ì†ðþ ¶†ì†ðú ¬° �†¶©ãõüþ ¬° ¤†è• no|€ ìñ¥ñþ|ø†ÿ

galt| ‹± ¤·� ìÛ†¬ü± ì©}é×þ …² …üò �†°…ì}± °¶î º~û …¶•.

ºßê 8 ðíõ¬…° {Óýý±…– galt| °… ‹± ¤·� Â©†ì• æüú ìý†ðþ )1L( ‹ú

…²…ÿ ìÛ†¬ü± ì}×†ô{þ …² | ð»†ó ìþ|¬ø~. …üò ºßê€ ‹ú …²…ÿ Â©†ì•

ì»©¿þ …² æüú ì¥†ÖÌ)mm5 = 3L( ô øí¡ñýò ìÛ~…° ÷†‹}þ …² ð·Œ•

Â±ü� °¶†ðñ~âþ â±ì†üþ æüú ìý†ðþ ‹ú æüú ì¥†ÖÌ )2 = pK/1K( °¶î

º~û …¶•. øí†ó Æõ° Þú ì»†ø~û ìþ|ºõ¬€ ‹ú …²…ÿ {í†ï ìÛ†¬ü± |€ ‹†

…Ö³…ü¼ Â©†ì• æüú ìý†ðþ )1L(€ {†‡̈ý± ²ì†ðþ ¶†ì†ðú ¬° �†¶©ãõüþ ¬°

¤†è• no| …Ö³…ü¼ ìþ|ü†‹~.

øí¡ñýò ¬° ìÛ†¬ü± üß·†ó …² 1L|€ ‹† …Ö³…ü¼ ìÛ~…° |€ galt| ‹ú Æõ°

Ú†‹ê ìç¤Ëú|…ÿ Þ†ø¼ ìþ|ü†‹~. ºßê 8 ‹ú ̈õ‹þ ð»†ó ìþ|¬ø~ Þú ‹†

{Óýý± ðõÑ ì†¬û æüú ìý†ðþ )ü† {Óýý± ̈õ…Á „ó( ô øí¡ñýò {Óýý± Â©†ì•

„ó€ ìþ|{õ…ó ‹ú ¶†ì†ðú|…ÿ ‹† galt| ìñ†¶� ¬¶• ü†Ö•.

¬° ºßê 9€ ðíõ¬…° {Óýý±…– galt| ‹± ¤·� Â©†ì• æüú ì¥†ÖÌ )3L(€

‹ú …²…ÿ ìÛ†¬ü± ì©}é×þ …² | {±¶ýî º~û …¶•. …üò ºßê ‹ú …²…ÿ ìÛ†¬ü±

÷†‹}þ …² 1Lô pK/1K‹ú {±{ý� ‹±…‹± ‹† 2 ô mm5 °¶î º~û …¶•. øí†ó

Æõ° Þú ì»†ø~û ìþ|ºõ¬€ …Ö³…ü¼ ìÛ~…° 3L| ìõ›� …Ö³…ü¼ ìÛ~…° galt|

º~û€ …üò ìÛ~…° …Ö³…ü¼ ‹ú …²…ÿ ìÛ†¬ü± ‹³°å | Þî ô ‹ú …²…ÿ ìÛ†¬ü±

ÞõŸß}± | ‹ý»}± …¶•. øí¡ñýò€ ºßê 9 ð»†ó ìþ|¬ø~ Þú ‹ú …²…ÿ

ìÛ~…° ì»©¿þ …² 3L€ …Ö³…ü¼ ìÛ~…° ÷†‹• |ìõ›� Þ†ø¼ {†‡¨ý±

²ì†ðþ ¶†ì†ðú ¬° �†¶©ãõüþ ¬° ¤†è• no| ìþ|ºõ¬. ‹± …¶†¹ ºßê 9

ìþ|{õ…ó galt| °… ‹±…ÿ ø± ¶†ì†ðú ‹·}ú ‹ú ìÛ~…° 3L| ô | „ó ìÏýò Þ±¬  ô

{†‡̈ý± ²ì†ðþ ì±‹õÉ ‹ú �†¶©ãõüþ °… ¬° ¤†è• no| ‹ú ¬¶• „ô°¬.

‹ú ìñËõ° ‹±°¶þ Þíþ …÷± Â±…ü� °¶†ðñ~âþ â±ì†üþ æüú|ø†ÿ ìý†ðþ ô

ì¥†ÖÌ ‹± {†‡̈ý± ²ì†ðþ ¶†ì†ðú ¬° �†¶©ãõüþ ¬° ¤†è• no|€ ðíõ¬…°

{Óýý±…– galt| ‹± ¤·� Þíý• ‹~ôó ‹Ï~ pK/1K| ‹ú …²…ÿ ìÛ†¬ü± ì}×†ô{þ

…² | ¬° ºßê01 °¶î º~û …¶•. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬ ‹ú

…²…ÿ {í†ï ìÛ†¬ü± |€ ‹† …Ö³…ü¼ ð·Œ• Â±ü� °¶†ðñ~âþ â±ì†üþ æüú

ìý†ðþ )lK( ‹ú Â±ü� °¶†ðñ~âþ æüú ì¥†ÖÌ )pK(€ galt| …Ö³…ü¼ ìþ|ü†‹~

ô …üò ìÛ~…° …Ö³…ü¼ ‹±…ÿ ìÛ†¬ü± ÞõŸß}± …² | ‹† º~– ‹ý»}±ÿ …ðœ†ï

ìþ|ºõ¬. øí¡ñýò€ ‹ú …²…ÿ ìÛ~…° ÷†‹}þ …² pK/1K€ …Ö³…ü¼ ìÛ~…° |

ìõ›� Þ†ø¼ {†‡̈ý± ²ì†ðþ ¶†ì†ðú ô …Ö³…ü¼ ¶±Î• �†¶©ãõüþ „ó

ìþ|ºõ¬. º†ü†ó ®Þ± …¶• Þú ¬° °¶î ìñ¥ñþ|ø†ÿ ºßê01€ Â©†ì•

æüú|ø†ÿ ìý†ðþ ô ì¥†ÖÌ )1Lô 3L( ‹±…‹± mm5 ¬°ðË± â±Ö}ú º~û …¶•.

‹ú ìñËõ° ‹±°¶þ …÷± øî ²ì†ó Â©†ì•|ø†ÿ æüú ìý†ðþ )1L( ô æüú

ì¥†ÖÌ )3L( °ôÿ ìÛ~…° {†‡̈ý± ²ì†ðþ ¶†ì†ðú  ¬° �†¶©ãõüþ ¬° ¤†è•

no|€ ðíõ¬…° {Óýý±…– galt| ‹± ¤·� 1L| ‹ú …²…ÿ ìÛ†¬ü± ì}×†ô{þ …² 3L|

¬° ºßê11 °¶î º~û …¶•. ‹±…ÿ °¶î …üò ìñ¥ñþ|ø†€ ð·Œ• pK/1K|

α

α

α

α

α

α

α

α

α

α

α

α

α α

ºßê8-ðíõ¬…° galt| ‹± ¤·� Â©†ì• æüú ìý†ðþ )1L( ô ìÛ†¬ü±

ì}×†ô{þ …²|.α

α

ºßê9-ðíõ¬…° galt| ‹± ¤·� Â©†ì• æüúö ì¥†ÖÌ  ô ìÛ†¬ü± ì}×†ô– …²|.α

α

ºßê01-ðíõ¬…° galt| ‹± ¤·� pK1Kô ‹ú …²…ÿ ìÛ†¬ü± ì©}é×þ …²|.α

α
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ì~ë ¶†²ÿ °ø†ü¼ ¬…°ô …² ¶†ì†ðú ðõüò �éýí±ÿ �†¶©ãõ ‹ú ¬ì† ì¥í~ ¶ý±ô¹|„®° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 3€ ì±¬…¬ -ºù±üõ° 6831 

‹±…‹± 5 ô ÷†‹• | ìÏ†¬ë  )s/2m(|7-01 ¬° ðË± â±Ö}ú º~û …¶•. ºßê11

ð»†ó ìþ|¬ø~ Þú ‹† …Ö³…ü¼ 1L| ô 3L€ ìÛ~…° galt| …Ö³…ü¼ ìþ|ü†‹~.

‹ñ†‹±…üò€ ‹±…ÿ ¤¿õë ¶†ì†ðú|…ÿ ‹† {†‡̈ý± ²ì†ðþ …ð~á€ ‹†ü~ {† ¤~ …ìß†ó

Â©†ì• æüú|ø†ÿ ìý†ðþ ô ì¥†ÖÌ °… Þ†ø¼ ¬…¬. ‹±…ÿ ¶†ì†ðú ìõ›õ¬ ô

‹† ¬…º}ò ìÛ†¬ü± 1L| ô 3L| ìþ|{õ…ó ‹ú Þíà ìñ¥ñþ|ø†ÿ ºßê 11€ galt|

°… ìÏýò Þ±¬.

‹~ôó {±¬ü~ ‹±°¶þ ¶ýñ}ýà °ø†ü¼ ¬…°ô ¬° ¶†ì†ðú€ üÏñþ {Ïýýò ìÛ~…°

¬…°ôÿ „²…¬ º~û ‹± ¤·� ²ì†ó �̧ …² ‹±ô² {Óýý±…– ¬° ¬ì†ÿ ì¥ýÈ ¬°

¤†è• no€ üßþ …² ìùí}±üò Îõ…ìê ¶†ì†ðú|ø†ÿ „²…¬¶†²ÿ øõºíñ~

�†¶©ãõ ‹ú ¬ì†¶•.

…â± ¶ýñ}ýà °ø†ü¼ ¬…°ô …² ¶†ì†ðú ìÏéõï ‹†º~€ ‹ú ¶ùõè• ìþ|{õ…ó

‹± …¶†¹ ìÛ~…° ¬…°ôÿ „²…¬ º~û ¬° ì¥ýÈ ¬° ²ì†ó|ø†ÿ ì©}éØ ô

‹±…¶†¹ ¬…¬û|ø†ÿ  ¶ýñ}ýßþ ¬…°ô€ …² ìÛ~…° …÷± ¬…°ô ô ð¥õû ¬°ì†ó ìÇéÐ

º~. ‹±…ÿ …üò ìñËõ°€ ¬° ¶†ì†ðú ìõ°¬ ðË± ô ‹± …¶†¹ ìÏ†¬èú )83( Þú ¬°

„ó ìÛ~…° ¬…°ôÿ „²…¬ º~û ¬° ì¥ýÈ )tM( ¬° ²ì†ó|ø†ÿ ‹³°â}± …² galt| ‹±

¤·� ²ì†ó ‹ú ¬¶• „ì~û …¶•€  ìþ|{õ…ó ìñ¥ñþ|ø†ÿ {Óýý±…– {†‹Ð tM|

°… ‹± ¤·� ²ì†ó ô ‹ú …²…ÿ ìÛ†¬ü± ì}×†ô{þ …² ÷†‹• ²ì†ðþ ¶†ì†ðú )(

{±¶ýî Þ±¬.

ºßê 21€ ðíõ¬…° {Óýý±…– tM| °… ‹± ¤·� ²ì†ó|ø†ÿ ‹³°â}± …²  galt|

)galt-t|( ‹ú …²…ÿ ìÛ†¬ü± ì©}é×þ …² ð»†ó ìþ|¬ø~. ‹~üùþ …¶• Þú ‹±

…¶†¹ ìÇ†è� ®Þ± º~û ¬° ‹©¼|ø†ÿ ÚŒê€ ìÛ~…° ¬…°ôÿ „²…¬ º~û ¬°

²ì†ó|ø†ÿ ÞõŸß}± …²  galt| ‹±…‹± ¾×± …¶•.

øí†ó|Æõ° Þú ºßê 21 ð»†ó ìþ|¬ø~€ ‹† …Ö³…ü¼ ²ì†ó ìÛ~…° ¬…°ôÿ

„²…¬ º~û ¬° ì¥ýÈ ¬° ¤†è•  no| …Ö³…ü¼ ìþ|ü†‹~ ô ìÛ~…° tM| ‹† â̄º•

²ì†ó ‹±…ÿ ¶†ì†ðú|ø†üþ ‹† ÞõŸß}± ‹† ¶±Î• ‹ý»}±ÿ …ðœ†ï ìþ|ºõ¬

)ºý� ìñ¥ñþ tM| ‹± ¤·� galt-t ‹ý»}± …¶•(. …üò …ì± ‹~üò ìÏñþ …¶•

Þú …â± ì¥ýÈ „²…¬¶†²ÿ )‹~ó  …ð·†ó( ðý†²ìñ~ °ø†ü¼ ¬…°ô ‹ú ìÛ~…°

‹ý»}±ÿ ‹†º~€ ‹± …¶†¹ ìÏ†¬èú )43( ‹†ü~ …² ¶†ì†ðú|…ÿ ‹† ÷†‹• ²ì†ðþ

ÞõŸß}± …¶}×†¬û ºõ¬ ô …â± ì¥ýÈ ðý†²ìñ~ °ø†ü¼ ¬…°ô ‹† ìÛ†¬ü± Þí}±ÿ

‹†º~€ ‹†ü~ ¶†ì†ðú ìõ°¬ ðË± °… Æõ°ÿ Æ±…¤þ Þ±¬ Þú ÷†‹• ²ì†ðþ „ó

ìÛ†¬ü± ‹³°â}±ÿ ¬…º}ú ‹†º~.

¬° ¤†è• Þéþ ìÛ~…° ìõ°¬ ðý†² ¬…°ôÿ „²…¬ º~û ¬° ì¥ýÈ ‹†ü~ ‹† è¥†Í

Þ±¬ó º±…üÈ �³ºßþ ô ðý†² ‹ýí†° ìÏýò ºõ¬. ‹± …¶†¹ …üò …ÆçÎ†– ô

¬…º}ò ìñ¥ñþ|ø†ÿ ¶ýñ}ýßþ °ø†ü¼ ¬…°ô …² ¶†ì†ðú )ºßê  21( ìþ|{õ…ó

¬° ̈¿õÁ º±…üÈ Æ±…¤þ ¶†ì†ðú ) {Ïýýò ÷†‹• ²ì†ðþ „ó( {¿íýî âý±ÿ

Þ±¬. øí¡ñýò€ ºßê 21 ð»†ó ìþ|¬ø~ Þú ¬° ²ì†ó|ø†ÿ üß·†ó …² º±ôÑ

°ø†ü¼€ ¶†ì†ðú ¬…°…ÿ ÞõŸß}± ìõ›� °ø†ü¼ ‹ý»}± ¬…°ô ð·Œ• ‹ú

¶†ì†ðú ì»†‹ú ¬…°…ÿ ‹³°â}± ìþ|ºõ¬. º†ü†ó ®Þ± …¶• Þú ¬° °¶î

ìñ¥ñþ|ø†ÿ ¶ýñ}ýßþ ºßê 21€ ìÛ~…° Þíý• 3L/sCpDS‹±…‹±

nim/lomgm |2-01 ¬° ðË± â±Ö}ú º~û …¶•.

øí†ó Æõ° Þú ÚŒç_ …º†°û º~€ ‹±°¶þ ¶ýñ}ýà °ø†ü¼ ð†̈õ…¶}ú ¬…°ô

¬° ¤†è• ffo|€  üÏñþ {Ïýýò ìÛ~…° ¬…°ôÿ „²…¬ º~û �̧ …² Þ†ø¼ ¬ì†ÿ

ì¥ýÈ „²…¬¶†²ÿ ¬° ¤†è• no| ‹ú ¬ì†üþ Þí}± …² ¬ì†ÿ ìÛ±° ‹±…ÿ °ø†ü¼

¬…°ô )tesT(€ üßþ …² ìùî|{±üò ìõ…°¬ ‹±°¶þ Þ†°…üþ ¶†ì†ðú ¬°

�†¶©ãõüþ ‹ú {Óýý±…– ¬ì†ÿ ì¥ýÈ …¶•.

‹† {õ›ú ‹ú ì†øý• ¶†ì†ðú ìõ°¬ ‹¥™ ô ‹±…¶†¹ ìÏ†¬æ{þ Þú ¬° ‹©¼

ÚŒê ‹±…ÿ ¤†è• ffo| ‹±°¶þ º~€ ì»©À º~ Þú ¬° …üò ¤†è• ô �̧ …²

Þ†ø¼ ¬ì†ÿ ì¥ýÈ ¬° ²ì†ó et|€ ìÛ~…°ÿ …² ¬…°ôÿ ìõ›õ¬ ¬° æüú ì¥†ÖÌ

‹ú ì±ô° ²ì†ó ¬° ì¥ýÈ „²…¬ ìþ|ºõ¬ Þú …üò ìÛ~…° ‹ú ºßê ð·Œ• ¬…°ôÿ

„²…¬ º~û ‹ú Þê ¬…°ôÿ ìõ›õ¬ ¬° æüú ì¥†ÖÌ ¬° è¥Ëú et|)∞'M/t'M( ô

‹± …¶†¹ ìÏ†¬èú )94( Ú†‹ê ‹ý†ó …¶•. ¬° …¬…ìú ‹ú Æõ° Þíþ {†‹Ð ∞'M/t'M

τ

τ

τ

τ

τ

α

ºßê11-ðíõ¬…° galt‹± ¤·� 1L| ô ‹ú …²…ÿ ìÛ†¬ü± ì}×†ô{þ …² 3L.

ºßê21-ðíõ¬…° {Óýý±…– ìÛ~…° ¬…°ôÿ „²…¬ º~û ¬° ì¥ýÈ ‹± ¤·�

²ì†ó ¬° ¤†è• no.

τ



ì~ë ¶†²ÿ °ø†ü¼ ¬…°ô …² ¶†ì†ðú ðõüò �éýí±ÿ �†¶©ãõ ‹ú ¬ì†ì¥í~ ¶ý±ô¹|„®° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 3€ ì±¬…¬ -ºù±üõ° 6831 268

‹± ¤·� ²ì†ó )²ì†ó|ø†ÿ ‹³°â}± …² et( ‹±°¶þ ìþ|ºõ¬.

¬° ºßê 31€ ìñ¥ñþ {Óýý±…– {†‹Ð ∞'M/t'M‹± ¤·�  et-t| ‹ú …²…ÿ

ìÛ†¬ü± ì©}é×þ …² Þíý•  2
3

L/pD‹† ô…¤~ 1-nim°¶î º~û …¶•.

øí†ó Æõ° Þú ¬° …üò ºßê ì»†ø~û ìþ|ºõ¬€ ‹† â̄º• ²ì†ó ð·Œ•

¬…°ôÿ „²…¬ º~û …² ¶†ì†ðú ‹ú Þê ¬…°ôÿ ìõ›õ¬ ¬° æüú ì¥†ÖÌ ¬° è¥Ëú

et| …Ö³…ü¼ ìþ|ü†‹~ ô ‹·}ú ‹ú ìÛ~…°  3L/pD¬° ²ì†ó|ø†ÿ ì»©À ‹ú

ìÛ~…° ðù†üþ )1= ∞'M/t'M( ð³¬üà ìþ|ºõ¬.  |

‹±…ÿ ¶†ì†ðú|ø†ÿ ¬…°…ÿ Þíý•  2
3

L/pD| ‹³°â}±€ ²ì†ó {©éýú {Û±üŒ†_ Þ†ìê

æüú ì¥†ÖÌ …² ¬…°ôÿ ìõ›õ¬ ¬° „ó )²ì†ó °¶ý~ó ‹ú 1 = ∞'M/t'M(

ÞõŸß}± …² ¶†ì†ðú|ø†üþ ‹† Þíý•  2
3

L/pDÞõŸß}± …¶•. ‹ú ÎŒ†°– ¬üã±€

�†¶©ãõüþ ¶†ì†ðú|ø†ÿ ¬…°…ÿ Þíý•  2

3
L/pD‹³°â}±€ ¶±üÐ|{± …²

¶†ì†ðú|ø†ÿ ì»†‹ú ¬…°…ÿ Þíý•  2
3

L/pDÞõŸß}± …¶•. ìþ|{õ…ó Îñõ…ó

Þ±¬ Þú ø± ŸÛ~° Þíý•  2
3

L/pD‹±…ÿ ¶†ì†ðú|…ÿ ‹³°â}± ‹†º~€ ¶†ì†ðú

¶±üÐ|{± ‹ú Þ†ø¼ ¬ì†ÿ ì¥ýÈ ‹ú ²ü± tesT| �†¶ª ìþ|¬ø~ ô ¬° ²ì†ó|ø†ÿ

Þí}±ÿ °ø†ü¼ ¬…°ô …² „ó ÚÇÐ ìþ|ºõ¬.

‹~üùþ …¶• Þú ìÛ~…°  2
3

L/pD°… ‹±…ÿ ø± ¶†ì†ðú ‹† …ð}©†Ž  ðõÑ æüú

ì¥†ÖÌ ô Â©†ì• „ó ìþ|{õ…ó {ñËýî Þ±¬€ ‹ú Æõ°ÿ Þú ‹† …ð}©†Ž

¶†ì†ðú|…ÿ Þú ìÛ~…° Â±ü� ð×õ® ¬…°ô ¬° æüú ì¥†ÖÌ „ó ìÛ~…°ÿ ‹³°å ô

Â©†ì• „ó ðý³ ÞõŸà ‹†º~€ ìþ|{õ…ó ²ì†ó �†¶ª|¬øþ ¤†è• ffo| „ó °…

‹ú ìÛ~…° Ú†‹ê ìç¤Ëú|…ÿ Þ†ø¼ ¬…¬.

øí†ó|Æõ° Þú ¬° ºßê 31 ð»†ó ¬…¬û º~û …¶•€ ¬° ¤†è}þ Þú ¶†ì†ðú

¬…°…ÿ Þíý•  2
3

L/pD‹·ý†° ÞõŸßþ ‹†º~€ ìíßò …¶• �̧ …² Þ†ø¼ ¬ì†ÿ

ì¥ýÈ ¬° ²ì†ó et| {† ì~– ²ì†ó ‹·ý†° Æõæðþ€ °ø†ü¼ ð†̈õ…¶}ú ¬…°ô …² „ó

…ðœ†ï ºõ¬€ ìÛ~…° øõºíñ~ÿ ô ¶±Î• �†¶©ãõüþ ¶†ì†ðú ‹ú ìÛ~…° ²ü†¬ÿ

Þ†ø¼ ü†‹~. …² …üò °ô€ ¬° Æ±…¤þ ¶†ì†ðú|…ÿ ìÇéõŽ ‹†ü~ ‹± …¶†¹ ºßê

31€ ‹ú ì·‰éú {Ïýýò ìÛ~…° ìñ†¶� ‹±…ÿ Þíý•  2
3

L/pD{õ›ú ºõ¬.

ð}ýœú âý±ÿ

¬° …üò �µôø¼€ ¶†ì†ðú ðõüò ¬…°ô°¶†ðþ øõºíñ~ �†¶©ãõ ‹ú ¬ì† ìÏ±Öþ

º~ Þú ¬° „ó °ø†ü¼ ¬…°ô ü† ø± ì†¬û ìõö÷± ¬üã±€ {ñù† ¬° …÷± {¥±üà ¬ì†üþ

…ðœ†ï ìþ|ºõ¬. ¬° …üò ¶†ì†ðú€ Þú ‹ú ºßê ¾×¥ú|…ÿ …¶•€ …² ¶ú ‹©¼

Þ†ìç_ ìœ³… …² üß~üã± º†ìê ø·}ú ì±Þ³ÿ ¬…°ôüþ€ æüú {Óýý± Ö†²¬øñ~û

ìý†ðþ ô æüú ì¥†ÖÌ �éýí±ÿ {»ßýê º~û …¶•. ¬…°ô ‹† ¶†² ôÞ†° ð×õ® ô

‹ú ô…¶Çú {Óýý± Ö†² ›†ì~ -ì†üÐ æüú ìý†ðþ ¬° ì¥ýÈ „²…¬ ìþ ºõ¬. ¶†ì†ðú

ìõ°¬ ðË± ‹± ̈çÙ ¶†ü± ¶†ì†ðú|ø†ÿ øõºíñ~ �†¶©ãõ ‹ú ¬ì† Þú Îçôû

‹± {¥±üà ¬ì†üþ {¥• {†‡÷ý± ¶†ü± ì¥±á|ø†ÿ ì¥ýÇþ ðý³ Ú±…° ìþ âý±ð~€

{ñù† ‹ú {Óýý±…– ¬ì†ÿ ì¥ýÈ „²…¬¶†²ÿ€ ¤·†¹ ô �†¶©ãõ …¶• ô ¬…°ô

°… ‹ú Æõ° ̈†ìõ½ -°ôºò ) ffo-no( ¬° ì¥ýÈ „²…¬ ìþ|Þñ~.

‹† {õ›ú ‹ú ø~Ù …¶†¶þ …üò �µôø¼ Þú ì~ë|¶†²ÿ ð¥õû Þ†°…üþ

¶†ì†ðú ‹† {Óýý±…– ¬ì†ÿ ì¥ýÈ …¶•€ ìÏ†¬æ– ‹ñý†¬ÿ …ð}Û†ë â±ì† ô ›±ï

¤†Þî ‹± ¶†ì†ðú ¬° ¤†è• ºŒú �†ü† ‹±…ÿ ¬ô ¤†è•  no| ô ffo| ‹±°¶þ º~.

‹ú Þíà ¤ê ìÏ†¬æ– …ð}Û†ë â±ì† ¬° ¤†è• no|€ °…‹Çú ìùî {†‡̈ý± ²ì†ðþ

¶†ì†ðú ¬° �†¶©ãõüþ ‹ú {Óýý±…– ¬ì†ÿ ì¥ýÈ ‹ú ¬¶• „ì~ ô ‹† ¤ê

ìÏ†¬æ– …ð}Û†ë ›±ï ¬° …üò ¤†è•€ ¶ýñ}ýà °ø†ü¼ ¬…°ô …² ¶†ì†ðú

¤†¾ê º~.

øí¡ñýò€ ‹† ¤ê ìÏ†¬æ– …ð}Û†ë ›±ï ¬° ¤†è• ffo€ ¶ýñ}ýà °ø†ü¼

ð†̈õ…¶}ú ¬…°ô ¬° …üò ¤†è• ìÏýò º~. ‹ú ìñËõ° ‹±°¶þ ¬ÚýÜ ð¥õû

Þ†°…üþ ¶†ì†ðú€ ìÏ†¬æ– ¤†¾ê ‹ú ºßê ðíõ¬…°ø†üþ ‹± ¤·� ì}Óý±ø†ÿ

…÷±â̄…° ‹± �†¶©ãõüþ ¶†ì†ðú€ ¬° ‹©¼ ð}†ü� {±¶ýî ô ‹¥™ º~. ¬°

¤†è• Þéþ ‹± …¶†¹ ð}†ü�€ ìþ|{õ…ó â×• Þú Îõ…ìéþ Ÿõó …‹Ï†¬ ¶†ì†ðú€

ðõÑ ìõ…¬ {»ßýê ¬øñ~û æüú||ø†ÿ ìý†ðþ ô ì¥†ÖÌ€ ÷†‹•|ø†üþ Ÿõó | ô

…÷± ‹·ý†° ²ü†¬ÿ ‹± ð¥õû Þ†°…üþ ô �†¶©ãõüþ ¶†ì†ðú ¬…°ð~.

…² ðË± ¶±Î• �†¶©ãõüþ ¶†ì†ðú ‹ú {Óýý±…– ¬ì†ÿ ì¥ýÈ ¬° ¤†è•

no| ìþ|{õ…ó Ÿñýò ð}ýœú â±Ö• Þú Þ†ø¼ Â©†ì• æüú|ø†ÿ ìý†ðþ ô

ì¥†ÖÌ )1L| ô 3L(€ Þ†ø¼ ð·Œ• Â±ü� °¶†ðñ~âþ â±ì†üþ æüú ìý†ðþ

ì̄…Ž ‹ú æüú ì¥†ÖÌ )pK/1K( ô øí¡ñýò …Ö³…ü¼ ìÛ~…° ÷†‹• | ‹±…ÿ

¶†ì†ðú€ ìõ›� {·±üÐ �†¶©ãõüþ ¶†ì†ðú ‹ú …Ö³…ü¼ ¬ì†ÿ ì¥ýÈ ô

Þ†ø¼ {†‡̈ý± ²ì†ðþ ¬° º±ôÑ °ø†ü¼ ¬…°ô ìþ ºõ¬.

øí¡ñýò€ …² ðË± ¶ýñ}ýà °ø†ü¼ ¬…°ô ¬° ¤†è• no| ðý³ ‹± …¶†¹ ð}†ü�

‹ú ¬¶• „ì~û ìþ|{õ…ó Îñõ…ó Þ±¬ Þú ìÛ~…° ¬…°ôÿ „²…¬ º~û {†‹Ïþ …²

÷†‹• ²ì†ðþ …¶• ô ‹ú ìñËõ° …Ö³…ü¼ ìÛ~…° ¬…°ôÿ „²…¬º~û ‹†ü~ ÷†‹•

²ì†ðþ ¶†ì†ðú °… Þ†ø¼ ¬…¬ Þú …üò …ì± ‹† {Óýý± …‹Ï†¬ ¶†ì†ðú ô øí¡ñýò

{Óýý± ðõÑ ì†¬û {»ßýê ¬øñ~û æüú ìý†ðþ …ìß†ó �̄ü± …¶•.

…Ö³ôó ‹± …üò€ ìþ|{õ…ó ð}ýœú|âý±ÿ Þ±¬ Þú ‹±…ÿ {·±üÐ ¬° Îíéý†–

τ

α

τ

α

ºßê31-ìñ¥ñþ|ø†ÿ Þ·± ¬…°ôÿ „²…¬ º~û …² ¶†ì†ðú ¬° ì¥ýÈ ¬° ¤†è•

ffo. 



269

ì~ë ¶†²ÿ °ø†ü¼ ¬…°ô …² ¶†ì†ðú ðõüò �éýí±ÿ �†¶©ãõ ‹ú ¬ì† ì¥í~ ¶ý±ô¹|„®° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 3€ ì±¬…¬ -ºù±üõ° 6831 

„²…¬¶†²ÿ ð†̈õ…¶}ú ìõ…¬ ¬…°ôüþ ìõ›õ¬ ¬° æüú ì¥†ÖÌ ¬° ¤†è• ffo| ô

…{í†ï ¶±üÐ °ø†ü¼ ¬° …üò ¤†è•€ ‹± …¶†¹ ð}†ü� ¤†¾ê ‹†ü~ ì}Óý±ø†ÿ

ì±‹õÉ ‹ú æüú ì¥†ÖÌ º†ìê ðõÑ ô Â©†ì• „ó °… {Óýý± ¬…¬. ‹ú …üò

{±{ý�€ ‹† Þ†ø¼ Â©†ì• æüú ì¥†ÖÌ)3L( ü† {Óýý± ðõÑ ì†¬û „ó )…Ö³…ü¼

pD|(€ ìþ {õ…ó ‹ú ¶†ì†ðú|…ÿ  ‹† ¶±Î• �†¶©ãõüþ ²ü†¬ ¬° ¤†è•  ffo|

)ÚÇÐ ¶±üÐ °ø†ü¼( ¬¶• ü†Ö•.

¬° ¤†è• Þéþ€ ì~ë ¶†²ÿ ¶†ì†ðú ìõ°¬ ðË± …üò …ìß†ó °… Ö±…øî ìþ ¶†²¬

{† ‹† …ð}©†Ž Îõ…ìê …¶†¶þ ¶†ì†ðú ‹ú ºßê ‹ùýñú º~û ¬° ìõ…°¬ Îíéþ€ ‹ú

¶†ì†ðú|ø†üþ ‹† ¶±Î• �†¶©ãõüþ ìÇéõŽ ô ìõ°¬ ðË± ¬¶• ü†Ö•. 

ì±…›Ð

1. Kim Ch. J., Controlled Release Dosage Form Design, Tech-

nomic, Lancaster PA, 2000. 

2. Okano T., Biorelated Polymers and Gels: Controlled Release

and Applications in Biomedical Engineering, Academic, 1998.

3. Qiu Y. and Park K., Environment-sensitive Hydrogels for Drug

Delivery, Adv. Drug. Deliv. Rev., 53, 321-339, 2001.

4. Peppas N.A., Bures P., Leobandung W. and Ichikawa H., Hydro-

gels in Pharmaceutical Formulations, Eur. J. Pharm. Biophar.,

50, 27-46, 2000.

5. Jeong B., Kim S.W. and Bae Y.H., Thermosensitive Sol-Gel

Reversible Hydrogels, Adv. Drug Deliv. Rev., 54, 37-51, 2002.

6. Peppas N.A., Physiological Responsive Gels, J. Bioact. Compat.

Polym., 6, 241-246, 1991.

7. Dagani R., Intelligent Gels, Chem. Eng. News, 75, 2323-2329,

1997.

8. Bromberg L.E. and Ron E.S., Temperature-responsive Gels and

Thermogelling Polymer Matrices for Protein and Peptide Deliv-

ery, Adv. Drug Deliv. Rev., 31, 197-221, 1998.

9. Zhong X., Wang Y.-X. and Wang S.-C., Pressure Dependence of

the Volume Phase-transition of Temperature-sensitive Gels,

Chem. Eng. Sci., 51, 3235-3239, 1996.

10. Park T.G. and Hoffman A.S., Sodium Chloride-induced Phase

Transition in Nonionic Poly(N-isopropylacrylamide) Gel,

Macromolecules, 26, 5045-5048, 1993. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




